As MOSFETs are scaled down to 100 nm, it is increasingly challenging to extract the effective channel length, L eff accurately. Various kinds of methods have been explored to extract the electrical L eff . However, some methods exhibit certain limitations that yield unreasonably high values of L eff as MOSFETs are scaled down while others are difficult to implement in routine electrical testing of deep-submicron MOSFETs in the industry. We have previously proposed a modified Shift-and Ratio (MS&R) method [1] by which it is simpler and easier to generate L eff than original shift-and-ratio method [2] . The values of L eff generated by MS&R method are more reasonable than the original shift-and-ratio method with much less computation time involved thus much more convenient for routine electrical testing of deep-submicron MOSFETs in the industry. Recently, direct channel length measurement using Scanning Capacitance Microscopy (SCM) [3, 4] have been shown to give good results. Although SCM measurement is affected by other experimental parameters, such as tip convolution, surface oxide quality and sample preparation, it is uniquely able to provide direct physical imaging of MOSFET structure. In this context, SCM measurement can be used as a complimentary tool to improve the accuracy of electrical L eff extraction method. We have studied the cross-sections of the MOSFETs using SCM and by comparing our extracted L eff measurement with that of the SCM measurement, we are able to show the consistency of our L eff extraction method. In addition, SCM measurement is used as a control to generate a correction factor (CF) to further improve the accuracy of our modified Shift-and Ratio method.
Introduction
As MOSFETs are scaled down to 100 nm, it is increasingly challenging to extract the effective channel length, L eff accurately. Various kinds of methods have been explored to extract the electrical L eff . However, some methods exhibit certain limitations that yield unreasonably high values of L eff as MOSFETs are scaled down while others are difficult to implement in routine electrical testing of deep-submicron MOSFETs in the industry. We have previously proposed a modified Shift-and Ratio (MS&R) method [1] by which it is simpler and easier to generate L eff than original shift-and-ratio method [2] . The values of L eff generated by MS&R method are more reasonable than the original shift-and-ratio method with much less computation time involved thus much more convenient for routine electrical testing of deep-submicron MOSFETs in the industry. Recently, direct channel length measurement using Scanning Capacitance Microscopy (SCM) [3, 4] have been shown to give good results. Although SCM measurement is affected by other experimental parameters, such as tip convolution, surface oxide quality and sample preparation, it is uniquely able to provide direct physical imaging of MOSFET structure. In this context, SCM measurement can be used as a complimentary tool to improve the accuracy of electrical L eff extraction method. We have studied the cross-sections of the MOSFETs using SCM and by comparing our extracted L eff measurement with that of the SCM measurement, we are able to show the consistency of our L eff extraction method. In addition, SCM measurement is used as a control to generate a correction factor (CF) to further improve the accuracy of our modified Shift-and Ratio method.
Modified Shift-and-Ratio method
The MOSFETs under study were fabricated using 0.13 µm and 0.1 µm CMOS technology on 200 mm Si wafers as reported in paper [1] . Tables I and II show that the L eff generated by the original Shift-and-Ratio method has been over-estimated.
Results and Discussion

Conclusion
We have successfully used a modified Shift-and-Ratio method to extracted the L eff for devices fabricated by stateof-the-art CMOS technology. In addition, we have studied the cross-sectioned of very short channel MOSFET using SCM. Comparing the L eff extracted using modified Shiftand-Ratio method, original S&R method and L SCM measured using SCM, all three measurements show the consistency with respect to L gate. However, MS&R method yields a L eff nearer to SCM measurement than original Shiftand-Ratio method. In addition, MS&R method is nondestructive and can be routinely used on full-wafer measurement. Since SCM is able to provide direct physical imaging of MOSFET, it can be used as a verification tool for MS&R method. To improve the accuracy of MS&R, a correction factor (CF) was generated by using the channel length value extracted from SCM. 
